This study analyzes the minimum dimension of statistically sufficient aggregation when performance measures are joint-normally distributed. Statistically sufficient aggregates incur no loss of information during the aggregation process and provide robustness to performance evaluation systems. This study shows that there is no one-dimensional statistically sufficient aggregate in a multi-task setting.
Introduction
A management accountant may considerably reduce the complexity of performance evaluation systems through aggregation of performance measures. In designing a performance evaluation system, an important question is whether an aggregate measure can carry all information from the basic measures. Statistically sufficient aggregates satisfy this requirement and incur no loss of information in the aggregation process for all agency particulars [1] [2] [3] . Observing statistically sufficient aggregates without observing the basic measures is as useful as observing the basic measures in estimating all levels of a manager's unobservable action.
Statistically sufficient aggregates provide the highest degree of robustness to a performance evaluation system because no agency particulars are involved in the aggregation process. Statistically sufficient aggregates can be commonly used for all managers without being individually "tailored" for each manager.
This study shows that in a setting with two tasks and joint-normally distri- Motivating employees for multiple tasks is qualitatively different from a single-task setting as the allocation of effort among tasks should be considered [4] [5] [6] . In multi-task agencies, performance measures can be ranked in terms of statistical properties of performance measures [7] . However, the literature is largely silent on the aggregation side.
This study contributes to the literature by first explicitly analyzing the minimum statistical sufficiency of aggregating performance measures under a normal distribution. [1] discusses the informativeness condition which implies that the concept of sufficient statistics characterizes the optimal aggregation of performance measures. [2] discusses a statistical condition in which all aggregate measures are sufficient statistics. Analyses in [1] and [2] are restricted to a single-task setting. Recently, [3] analyzes sufficient aggregations in multi-task agencies. This study is differentiated from [3] in that whereas [3] uses the exponential family distributions, this study uses a normal distribution for explicit analysis.
Model
A principal owns a production technology, which requires two-dimensional action ( ) . The basic measures are also affected by random error terms ε and δ and are given as follows:
y m a m a ε = + + (1)
The basic measures y and z, conditional on the agent's action
, are distributed by a joint normal density function:
Statistical Sufficiency
Statistical sufficiency is defined in terms of aggregate measures being sufficient statistics for the basic measures y and z with respect to the agent's unobservable action ( ) 
Findings with Analysis
By the factorization criterion (Definition 1), the following two-dimensional jointly sufficient statistics are obtained from the joint normal density function ( ) 1 2 , ; , f y z a a Proposition 1 shows that in general, it is infeasible to achieve statistical sufficiency with a one-dimensional aggregate if the agent's action is on two tasks. [2] shows in a single-task setting that a one-dimensional statistically sufficient aggregation can be achieved. Proposition 1 shows that the result of [2] does not generally hold in a multi-task setting.
Conclusions
This study shows that there is no one-dimensional sufficient statistic in a multi-task setting with joint-normally distributed performance measures. For statistical sufficiency, there should be at least two aggregates when a manager is on two tasks. Any one-dimensional aggregate will incur loss of information on the manager's unobservable action and depend on the agency particulars such as the manager's risk attitude and the firm's economic environment.
For performance evaluation purposes, performance measures are often aggregated into a one-dimensional aggregate while assigned jobs involve multiple tasks. The result of this study implies that a one-dimensional aggregate should not be uniformly implemented without being customized for each manager. A uniform performance evaluation needs the use of multiple aggregates.
, a a
for the agent's action
are obtained by solving the following maximization problem:
, ; , , a a f y z a a (7) where ( ) 1 2 , ; , f y z a a is the joint normal density function (3) . For notational convenience, covariance-adjusted sensitivities, which are assumed to be non-negative, are used:
The second order conditions are satisfied as the covariance-adjusted sensitivities are non-negative:
1 0, 1 0, 2 0, 2 0 T y z are as in (5) and (6), and A is a 2 by 2 matrix: , a a are minimal jointly sufficient statistics by Point 1.
As there is a one-to-one relation (8) between the jointly sufficient statistics 
